7 To understand how the high dose rate zones created during the Fukushima Daiichi fields by the system was improved to obtain best estimates of release rates, radiation 13 dose maps, and plume movements. A large part of current high dose rate zones in 
Introduction

26
In the Fukushima Daiichi Nuclear Power Plant (hereinafter referred to as FNPP1) 27 accident, it was clarified by aerial and ground-level radiation monitoring (MEXT and 28 DOE, 2011) carried out after 16 March (Fig. 1a , reproduced by the authors) that the 29 high dose rate zones had been formed to the northwest direction from FNPP1. It is 30 important to understand how these zones were created for radiological dose assessment 31 for the accident. The key of its formation is considered to be a significant release of 
58
In the present paper, we tried to reconstruct the event on 15 March by coupling 59 limited environmental data with numerical simulations of computer-based nuclear 
Reconstruction process of atmospheric dispersion
145
Reconstruction procedure in the present study is summarized in Fig. 6 observations without the analysis and observational nudging functioned in MM5.
176
Calculated wind speed was also clearly higher than the observed one from 9 to 21 JST (Fig. 7) . and southeasterly winds (Fig. 8f) carried the plume discharged from 13 to 17 JST to the 227 northwest of FNPP1 (Fig. 9b) . The rainfall which widely covered in the north part of after the passage of plume, higher levels of air dose rates continued than those before 234 the passage of plume. This fact means that radionuclides depositing on the ground surface maintain the high dose rate zones due to ground-shines (Fig. 1b) .
237
Influences of deposition processes
238
To quantify the contribution of dry and wet deposition processes on air dose rates,
239
the spatial distributions of them accumulated in the simulation period were compared 240 (Fig. 10) . Dry deposition (Fig. 10a) 
Roles of rainfall and topography in spatial distributions in dose rate
261
Although simulated and measured air dose rates are, in general, high in the 262 northwest region of FNPP1 (Fig. 9e) , the low dose rate area mainly spreads by 263 mountain ridge lying from the south to the north between Iitate and Fukushima. This 264 pattern is similar to the airborne observations (Fig. 1a) . Since the spatial distribution of 265 dose rate reflects that of wet deposition (Fig. 10b) , the precipitation and air southeasterly wind (Fig. 9b ). The rainband spread over a whole area of northwest Fukushima Prefecture in the midnight on March 15 (Fig. 9d) . However, while the 271 high-concentration plume flowed to the northwest direction from FNPP1, accumulated 272 precipitation was relatively small around the mountain ridges above the height of 520 m 273 between Fukushima and Iitate (Fig. 10c) . This implies that one of possible formation 274 mechanisms of the heterogeneous pattern in air dose rate was the areal difference of 275 rainfall occurrence.
276
To understand the condition of the plume when the rainfall occurred in the evening 277 and nighttime on March 15, the relationship between topography and dry deposition 278 (Fig. 10a) which reflects the passage of the plume at the ground level was investigated.
279
The areas of a large amount of dry deposition, to a large extent, distributed to the 280 northwest direction from FNPP1. However, around the location of 37º36'N and 140º
281
48'E, the plume was divided into two branches to the west-northwest and northwest 282 directions (Fig. 10a) . The branches were located along the valleys below the altitude of 283 520 m. Dry deposition was relatively high at the places, compared with that in the west 284 region from the bifurcation point of the plume. Therefore, it is likely that the 285 high-concentration plume which mainly spread along the valleys caused the 286 heterogeneous patterns of wet deposition and air dose rate (Fig. 10a , Movies 1 and 2).
287
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